Purpose: The aim was to determine the prevalence of myopia and hyperopia and related factors in underserved rural areas in Iran. Methods: Under random cluster sampling, two rural regions were randomly selected in the north and southwest of the country, and 3,061 persons over 15 years of age were invited into the study. After selecting samples, all participants had refraction, measurement of uncorrected vision and visual acuity and ocular health examination by slitlamp biomicroscopy. Results: Of the 3,061 invitees, 2,575 participated in the study (response rate: 84.1 per cent). After excluding those who met the exclusion criteria or had missing refractive data, eventually there were 2,518 subjects available for this analysis. The mean age of the participants was 44.3 AE 17.5 years (range: 16 to 93 years) and 1,460 of them (58.0 per cent) were female. The overall prevalence of myopia and hyperopia in this study was 25.2 per cent (95 per cent CI: 23.2 to 27.2) and 22.5 per cent (95 per cent CI: 20.6 to 24.4), respectively. The prevalence of myopia increased from 20.9 per cent in participants 16 to 20 years to 32.9 per cent in the 21 to 30 years age group, declined up to the age of 60 years and increased again afterwards. The lowest prevalence was 6.8 per cent observed in the 16 to 20 years age group and the highest was 45.8 per cent in 61-to 70-year-olds. In the final logistic regression model, myopia significantly associated with age, higher education levels and cataracts, while hyperopia associated with age, lower education levels and male gender. Conclusion: In our study, the prevalence of myopia was lower and the prevalence of hyperopia was higher compared to most previous studies. The findings of this study imply that refractive errors vary by age. Compared to urban populations, rural dwellers of the same region have more children and especially elderly people, weaker economic status and less access to health-care services.
Uncorrected refractive errors lead to lower academic performance, reduced career opportunities and efficiency and decreased quality of life. 3 The prevalence of refractive errors varies in urban and rural areas due to the possible difference in genetic susceptibility and also environmental influences such as the amount of near work and indoor/outdoor activities. 4, 5 In a study in India, the prevalence of myopia was higher in under 15-year-old urban dwellers and over 15-yearold rural dwellers and hyperopia was more prevalent in urban areas and well-off rural areas of the study. 6 The prevalence of refractive errors in different populations varies by genetics, demographics, ocular biometrics and other factors such as level of education and occupations. 7 Iran is a developing country where a number of separate studies has examined refractive errors. The prevalence of myopia and hyperopia in adults is reported to be up to 38.3 and 58.6 per cent, respectively. 8 Studies in Iran have mostly been in urban areas and certain age groups (usually preschool age). [8] [9] [10] [11] [12] [13] [14] Compared to urban populations, rural dwellers of the same region have more children and especially elderly people, weaker economic status and less access to health-care services. 15 All the above mentioned issues can impact the health status of rural dwellers. The present study examines the prevalence of refractive errors and their associated factors in age groups over 15 years old in underserved rural areas in Iran.
MATERIALS AND METHODS
This cross-sectional study was conducted through a multistage cluster sampling approach in Iran in 2015. The target population was the residents of underprivileged villages over 15 years old in two randomly selected districts in the north and southwest of the country. The sampling frame was based on a roster of deprived areas provided by the Presidential Office of Rural Development. Selected districts were Shahyoun in the southwest (a district of Dezful County, Khuzestan Province) and Kajour in the north (a district of Noshhar County, Mazandaran Province). Then, a number of villages were randomly selected from a roster of all villages in these two districts. To ensure that the sample size in each district was proportionate to their total population,five in Kajour, because Shahyoun has smaller and less populated villages.
As the objective of the main survey was to examine visual impairment, the sample size was calculated based on the prevalence of visual impairment in a sample village in Iran. The sample size for a rate of 6.3 per cent, a precision level of 0.01 and a 95 per cent confidence level was calculated as 2,267, which was corrected to 3,740 after applying a 1.5 design effect and 10 per cent non-response rate. In selected households, all members over 15 years of age were invited to participate in the study and an appointment date was fixed for their examinations.
Examinations in each village were conducted in a room with normal illumination (1,300 lux). After obtaining an informed consent from each participant (signed by the head of the household for persons under 18 years), an interview was conducted to collect demographic data including age, gender, educational level and area of residence. In the educational system of Iran, education begins at the age of seven years and is classified into four levels of primary school, guidance school (secondary), high school (tertiary) and university education. Primary, secondary and tertiary levels each contain five, three and four years of education, respectively.
All examinations were performed by two optometrists. A pilot study of 35 people showed that inter-examiner agreement was high (an intraclass correlation coefficients of 0.92 for uncorrected vision and 0.89 for spherical equivalent of refraction).
For each participant, first the uncorrected vision was tested with the Snellen E chart at six metres. Illiterate participants were given instructions before testing. In the next stage, objective refraction was done. First, autorefraction was done using the Nidek Auto Refractor/Keratometer (Nidek ARK-510A Auto Refractor/Keratometer, Gamagori, Japan) and its results were then refined with retinoscopy (Heine Beta 200 retinoscope, HEINE Optotechnik, Herrsching, Germany). Then, subjective refraction was determined and distance visual acuity was recorded. Finally, all subjects had the slitlamp examination by an ophthalmologist. Diagnosis and grading of lens opacities was done through slitlamp biomicroscopy (BM 900, Haag Streit, Mason, Ohio, USA) using a standard photograph and the Lens Opacity Classification System III (LOCS III). In accordance with LOCS III, lens opacities were categorised into six grades of nuclear opacity (NC1 to NC6), five grades of cortical opacity (C1 to C5) and six grades of posterior sub-capsular opacity (P1 to P5). In line with previous studies, cataract was defined as LOCS III grade 2 or worse of cortical, nuclear and posterior sub-capsular lens opacities. 16 Participants with any ocular pathology affecting refractive status, history of intraocular surgery and ocular trauma were excluded from the study.
Definitions
In line with other studies, we used the spherical equivalent to define refractive errors. Myopia and hyperopia were defined as a spherical equivalent less than −0.5 D and more than 0.5 D, respectively.
Statistical analysis
The prevalence of myopia and hyperopia are presented as percentages with 95 per cent confidence intervals (CI). In calculating the 95 per cent CI, adjustments for the effect of cluster sampling were considered. To investigate the relationship between refractive errors and the variables of age, gender, educational level, area of residence and cataracts, we used multiple logistic regressions.
Ethical issues
The Ethics Committee of Shahid Beheshti University of Medical Sciences approved the study protocol, which was conducted in accord with the tenets of the Helsinki Declaration. All participants signed a written informed consent.
RESULTS
Of the 3,061 invitees, 2,575 subjects participated in the study (response rate: 84.1 per cent). After excluding those who met the exclusion criteria or had missing refractive data, eventually there were 2,518 subjects available for this analysis. The mean age of the participants was 44.3 AE 17. Figure 1 illustrates the spherical equivalent refraction in different age groups; it has a myopic shift up to the age of 30 years, shifts toward hyperopia thereafter up to the age of 60 years and then again shifts toward myopia after the age of 60 years.
Myopia
The prevalence of refractive errors by age and gender is presented in Table 1 In a multiple logistic regression model (Table 2) , the relationship between myopia and its risk factors was examined. Except gender, all other studied factors were significantly associated with myopia prevalence. As demonstrated, the prevalence of myopia was significantly higher in the 21 to 30 years and over-70 years age groups compared to the 16 to 20 years group. Also, the prevalence of myopia was higher among people with higher levels of education and individuals with cataracts. Table 1 summarises the prevalence of hyperopia by age and gender. Overall, 22.5 per cent (95 per cent CI: 20.6 to 24.4) of the subjects in this study were hyperopic. The lowest prevalence was 6.8 per cent observed in the 16 to 20 years age group and the highest was 45.8 per cent in the 61 to 70 years group.
Hyperopia
As presented in the table, the prevalence of hyperopia was relatively stable between the ages of 16 and 30 years, showed a slight increase from 31 to 40 years, increased significantly after the age of 40 until 70 years of age and then decreased afterwards.
The prevalence of hyperopia in males and females was 24.0 per cent (95 per cent CI: 20.9 to 27.0) and 21.4 per cent (95 per cent CI: 18.9 to 23.9), respectively. Table 1 presents the prevalence of hyperopia by level of education and individuals with cataracts. The prevalence of hyperopia decreased at higher levels of education, such that the highest prevalence was observed among the illiterates and the lowest prevalence was seen in those with higher education. Also, the prevalence of hyperopia was higher among individuals with cataracts. Table 2 demonstrates the relationship between hyperopia and studied risk factors of age, male gender and educational level showed a significant association with the prevalence of hyperopia.
DISCUSSION
This is one of the few studies addressing the prevalence of refractive errors in a rural population, especially in underprivileged villages. Additionally, a strength of the study is demonstrating the trend of refractive errors between the ages of 20 and 40 years. To the best of our knowledge, few studies including the Tehran Eye Study, 17 the Central India Eye and Medical Study 18 and the National Health and Nutrition Examination Survey 19 in the US have included the age range between 20 and 40 years in their study of refractive errors.
The prevalence of refractive errors in this study and comparison with other reports
In our study, the prevalences of myopia and hyperopia were 25.2 and 22.5 per cent, respectively. Table 3 summarises the prevalence of refractive errors in over 15-yearolds in different studies. The prevalence of refractive errors is high in developing and Asian countries and compared to these rates, the prevalence of refractive errors in our study is in the mid-range. According to Table 3 , the reported prevalence of myopia in adults ranges between 4.6 and 51 per cent and hyperopia ranges between 1.6 per cent and 59 per cent. In our study, the prevalence of myopia was lower and the prevalence of hyperopia was higher compared to most previous studies. A major cause of differences in prevalence rates among different studies is the age range of Table 3 , studies with the same age range as ours (over 15 years) have prevalence percentages closer to ours compared to other studies. Therefore, this should be taken into consideration when interpreting the information in Table 3 .
Age-related changes in refractive errors
The age-related changes in refractive errors in this study were generally in agreement with previous studies. As for the age-related changes in myopia, our results showed that myopia prevalence continued to increase until 30 years of age. A similar finding was reported by McBrien and Adams. 20 There is still no consensus on the aetiology of myopic progression in this age range and possible risk factors such as excessive near work, 21 high lag of accommodation 22 and the consequent hyperopic defocus, as well as a high accommodative convergence/ accommodation ratio 23 have been suggested. The prevalence of myopia decreased between the ages of 30 and 60 years, such that the lowest myopic prevalence was observed in the 51 to 60 years age group. It should be noted that although hyperopic shift and its consequent reduction in myopia prevalence has been suggested before, there is little convincing evidence in this regard. Donders and Moore 24 believed that the growth of additional lens fibres during adulthood leads to lens flattening and hyperopic shift. A century later, this idea was rejected by Brown, 25 who used slitlamp photography to show that lens surfaces become steeper with age and this cannot justify age-related changes in refraction toward hyperopia. Helmholtz 26 found that the refractive index of the lens depends on the axial direction and is higher in the nucleus compared to the cortex. In recent years, researchers have shown that age-related changes in the index gradient of the lens (the extent of change in refractive index from the centre to the periphery of the lens) is responsible for the reduction in the overall index of refraction of the lens. 27 These changes are sufficient to compensate for the age-related steepening of lens surfaces and lead to a hyperopic shift. 28 Therefore, it seems that the hyperopic shift observed in the age range between 30 and 60 years is mainly due to agerelated changes in the refractive index of the lens and the increased changes in the refractive index explains the age-related increased prevalence of hyperopia as well. After the age of 60 years, the prevalence of myopia showed another significant increase, such that the highest prevalence of myopia was observed in the over 70 years age group. It seems that the increased prevalence of myopia after the age of 70 years can be mainly due to nuclear sclerosis which has been suggested in previous studies. 29, 30 In terms of age-related changes in hyperopia, no significant difference was observed between the ages of 16 and 30 years and only a small increase was seen in the age range between 31 and 40 years. After 40, the prevalence of hyperopia significantly increased up to the age of 70 years and as discussed before, this seems to be due to the continued decrease in the refractive index of the lens caused by changes in its index gradient. 27 Similar to the increased prevalence of myopia, the reduced prevalence of hyperopia after 70 years can be justified based on nuclear sclerosis.
The association of refractive errors with other variables
The present study found no significant inter-gender difference in the prevalence of myopia, while the prevalence of hyperopia was higher among men compared to women. It should be noted that reports concerning the relationship between gender and refractive errors are contradictory. Some have stated a higher prevalence of myopia in men and a higher prevalence of hyperopia in women and they have attributed this observation to a longer axial length in men. 31, 32 Some others, in agreement with our study, have found a higher prevalence of hyperopia in men. 33 According to Iribarren and colleagues, 34 longer axial lengths in men are compensated by a flatter cornea and a less powerful lens, such In this study, the highest myopia prevalence was observed in those with university education. This has been discussed in previous studies and in addition to a higher prevalence, the magnitude of myopia correlates with the level of education. 35 We found a negative association between prevalence of hyperopia and educational level similar to previous reports by Katz, Tielsch and Sommer 36 and Aine. 37 It is not clear whether being hyperopic prevents one from continuing their education by reducing their willingness to perform near work and study or those who study less gradually become hyperopic. A study on elementary schoolchildren found an association between the prevalence of hyperopia and poor educational scores. 38 The possibility of myopes being more intelligent is also suggested. 39 
CONCLUSION
In our study, the prevalence of myopia was lower and the prevalence of hyperopia was higher compared to most previous studies. 
